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(57) The method shares available bandwidth on a 
common link (L) in a communication network among a 
plurality of data flows (C1, C2, .... C8, C9, .... C16) which 
are transmitted via the common link (L). The method is 
used by a processor (P) and includes the steps of shar- 
ing reserved bandwidth included in the available band- 
width among the plurality of data flows (C1 , C2, .... C8, 
C9 ( .... C16), and sharing unreserved bandwidth among 
the plurality of dataflows (CI, C2, .... C8, C9, C16) 
according to a respective unreserved data packet'share 



which is associated to each one (C2) of the plurality of 
dataflows (C1 , C2. .... C8. C9, .... C16). The unreserved 
bandwidth is included in the available bandwidth in ex- 
cess of the reserved bandwidth. The step of sharing the 
unreserved bandwidth includes associating to one (C2) 

of the plurality of data flows (C1,C2 C8, C9, C16) 

a respective adaptable administrative weight (W2) and 
determining the respective unreserved data packet 
share which is associated to the one (C2) data flow in 
function of its respective adaptable administrative 
weight (W2). 
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«ik^H ^ chorp available bandwidth as described in the preamble of claim 
[0001] The present invention relates to ^^^^^^ J£Tm 19 and a scheduler an intelligent buffer 
1 , a processor realizing such a method as d **?^^^ 25 and claim 26, respectively, 

and a telecommunication system as art, e.g. from the article "A flexible buffer 

[0002] Such a method to share available ^^ Mh ^^^^ in asynchronous transfer mode ATM switch- 
acceptance algorithm to suppo^ 1998pages 71/1 to 71/10. Therein, 
as" written by O. Bonaventure and presented at ' F *^ GFR serv.ce category in Asynchronous 
a flexible buffer acceptance *9or^ whic h are specified for different 
Transfer Mode switches .sdescr.bed^^ parameters is given in order to describe the traffic 

data flows which are transmitted via the ^^^^^^^l^^^ Rate GFR service category 
rate GFR service. It is described in th,s article ^'^^^^ to US e for the end-systems. While no 
is to provide a service with a minimum 9^^^^ i ^^^^ eaa frame rate GFR service category, 
modifications are strictly required to the end-systems to b^ 1 ^^ servjce category . 

particular functional b.ocks such as swnches ^3 thal £, main motivation behind the intro- 

[0004] indeed, in section 2 of the aoove men^ 

duction of the GFR service category was to keep the ' s ™£™^\ to be associated with each virtual connects, 
providing abetter service by altowmg . a minimum 9 ua ^^ b ^J n |jnk . A traffic conU act for such a GFR serv.ce 
called in this application data flow, which make us ^of such a £££ mjnimum cell rate MCR corresponds 

includes the definition of a Min.mum Cell RateMCR for each ^ J° mum teed band w,dth is the 

to a minimum guaranteed bandwidth •J^^^^SJed data flow following its contract and is deter- 
mi nimum bandwidth wh^h is ^ 

mined dur.ng connect.on set-up of the data no established data flow, 

link for each established data flow and that * s us eti ' °' ™ " s *° ,. k jnc|udes a step of sharing reserved 

rOOOS] In this way, a method to share available ^"^'^^.^XTflows A possible way to share the available 
Ldwidth included in the available »»^ h ^ n t ^ e a ^ l SS i S , 3 te minimum cel. rate MCR. 
bandwidth, as it is described in the art.cle for the ^GFF service^ .. r u which js snared 

[0006] It has to be remarked that, as .t is also ^^'"^^T^^ lndee d, in addition to the GFR serv.ce 
Ldataflowsinproportiontotheir^ |n sucn a multi , en/ice swrtch, the 

category, an e.g. ATM switch m.ght be ^^^Z^l constant anymore but depends on the amount of 
available bandwidth to the GFR serv.ce date P*^™^^ bandwidth over the common link might be bigger 
higher priority traffic e.g. real-time traffic. This ^J"V^ C L hereof in time delivery of the packets is important. It 
and distributed to other kinds of ^^^^^^S^Zre that a predefined average bandwidth >s 
has to be understood that connector, adm.ss.or .control 2° d E en t minimum cell rates of all GFR data flows, 
always available to the GFR ^ flows above the sum o^ ^ e ^^ vjdes tne advantage to the end-system to 

rooOT] It is also mentioned in the article tha ^ e ri 2^ ow Texc e ssof the minimum cell rate MCR being assoaated 
ransmit data packets, which areincluded-nsuchadata^ of pafagraph 1X je . tne 

to its data flow. A method to share available ^£^^aI>caE, of the exceS s bandwidth, called unreserved 
Double EPD mechanism, has ^ h d ~ al 7 3 of the article mentions two algorithms which 

bandwidth can not be controlled at f.^^e^ZX^i^ allocation of the unrese.ed bandwidth 

r s ?n VSZIZZSS^^ - ^ which is ass ~ iated 

Z^sl oefihe their own P^^^^^^^^ avajlable bandwidth such as the above 
served bandwidth. a( , touad bv me me1hod to share available bandwidth as described 
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» ' and the telecommunication system including such a processor, as described in claim 24, claim 25 and claim 26, re- 
spectively. 

[0011] Indeed, due to the fact that the step of sharing the unreserved bandwidth includes associating to one of the 

data flows a respective adaptable administrative weight and the step of determining the respective unreserved data 
5 packet share of this data flow in function of its respective adaptable administrative weight, the network operator has 

the ability, in addition to the sharing of the reserved bandwidth, to provide administrative weights for each data flow. 

These administrative weights are reflecting the operator's policy to share the unreserved bandwidth. 

[0012] The flexibility of the proposed method of the invention allows the network operator not only to support the 

policies of the prior art solutions, i.e. providing a fair allocation or distribution of the unreserved bandwidth following 
10 the minimum cell rates of the data flows, but also to define its own policy e.g. an operator can favor its own local network 

traffic over transit traffic coming Irom another network. 

[001 3] It has to be explained that different kinds of implementations are possible in order to translate a share of the 
unreserved bandwidth. Indeed, the adaptable administrative weight can be implemented by a -weight" of the unreserved 
bandwidth i e a percentage of the unreserved bandwidth e.g. adaptable administrative weight equal to 30%; but 
15 another implementation can be translated by a "rate* e.g. data packet rates in proportion to each other. This w.ll become 
more clear in the following paragraph. / 
[0014] The adaptable administrative weights can be used by the network operator in order to give a different fraction 
of the unreserved bandwidth to the different data flows. 

[0015] A first example is given in the event when the network operator wants that all the data flows receive a same 
20 fraction of the unreserved bandwidth, then the operator enters for all the data flows a same adaptable administrate 

weight e.g. 1 . . . . 

[0016] A second example is given in the event when the network operator wants to distribute the unreserved band- 
width in proportion to the minimum guaranteed bandwidth, the adaptable administrative weights of the different data 
flows should be set to e.g. its minimum data packet rate. 
25 [0017] A third example is given in the event when the network operator wants to support two types of data flows e. 
g gold data flows and normal data flows. Presume that the gold data flows are receiving a ten times larger fraction of 
the unreserved bandwidth than the normal data flows. This can be implemented in two different ways: 

- each adaptable administrative weight of a gold data flow is a value which is ten times larger than the value of each 
30 administrative weight of a normal data flow In this way, each gold data flow receives a share of the unreserved 

bandwidth that is ten times larger than the share of the unreserved bandwidth for a normal data flow. This imple- 
mentation is independent of the number of data flows included in the gold class of data flows and independent of 
the number of data flows included in the normal class ol data flows; and 

- the global share of the unreserved bandwidth for all the gold data flows together is ten times larger as the global 
35 share of the unreserved bandwidth for all the normal data flows together, whereby this global gold share is equally 

divided among the number of gold data flows and the global normal share is equally divided among the number 
of normal data flows. The adaptable administrative weights are implemented accordingly. This implementation is 
dependent ol the number of data flows included in the gold class of data flows and of the number of data flows 
included in the normal class of data flows. 

40 

r00181 It has to be remarked that, an advantage of the method ot the invention becomes clear with the following 
possible implementation of the adaptable administrative weight. Indeed, when the adaptable administrative weight is 
made dependent of other parameters such as e.g. time, the network operator implements its policy in advance whereby 
later on the administrative weights are changing i.e. are adapted, in function of such a parameter, without any actual 

45 intervention of the operator. This will become more clear with the following example. In the event when the operator 
wants to give to all the data flows a same fraction of the unreserved bandwidth during peak penods of the day and 
when the operator wants to support two classes of data flows, as described above with gold data flows and normal 
data flows during the rest of the day, the data flows are receiving an adaptable administrative weight wh.ch are a 
function of a time-counter. In this way, the operator implements its policy in advance whereby e.g. during a predefined 

so time moment of a day the values of the adaptable administrative weights are adapted, without any actua intervention 
of the operator, whereby the administrative weights of the different data flows are all receiving a same value Later on 
at a second predetermined time, the administrative weights are again adapted, without any actual intervention of the 
operator, whereby the administrative weights of the different data flows are receiving a value accorrf.ng to the gold 
data flow or a value according to the normal data flow. Even more, the adaptable administrative weight might depend 

55 on more than one variable. Indeed, according the above example, beside the time counter a variable might be entered 
for each class of data flow e.g. WG for the gold class of data flows or WN for the normal class of date , flows, whe eby 
a relatK/e value of a data packet rate is given to WG and to WN. In the event when e.g. the gold class o ! date flow 
would receive three times more bandwidth than the normal class of data flows the WG var.able is put to 1 and the WN 
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variab.eisputtof.However.in^ > 

of data flows, only the value of the ^, ta "J^^2^ bandwidth tOWardS acUve data 

[001 9] A more efficient use of the available band* <*h ,s means ^ is coup , e d to the processor 
Ls i.e. data flows ; whereof at leas, one ^^J^^j^SSS according to the method of the invention 

-astoberemarkedthatthemethodo^ 
and without a minimum bandwidth guarantee, wh.ch .s an advantage ,n ° rde ^° ^ described that the 

Segor.es. The support of a minimum ^determine the respective re- 

processor according to the present '"^"j^ is associated to each data flow and which 

served data packet share in function of a "^^T^^^S^b control means is further included in the 

width with the step of sharing the reserved ° an dwjdth. minimum bandwidth guarantee are known, how- 

[0021] Different kinds of service categories wh.ch aTe ^°^l^T^ f of the inven tion supports the guaranteed 
ever L important application of the present ^ZTc^u^L system. This is described in claim 

frame rate service category in an as y nch ™ 0 ^^ is used to support the guaranteed frame 

™: z^'xxz^ — d — fram the provisionin9 

[rrrrre^ 

Uh data flows with a minimum guaranteed 

is usually implicitly defined and reserved for each data .flow Th.s .s ho & prede fined minimum data packet 

is shared according to the method of the » '^nt«v Ind Native weight which is different from zero and 
share which ^ 

Sprab^administrative weight when '-^^J^Z^n be implemented as mentioned above with 

rcrrr a r c ^^^ 

Protocol Telecommunication system. inve ntion is described in the method of claim 3. Herein rt is 

[0024] Another implementation | according t the PJ^^JJ^xes received data packets. Furthermore the s ep 
described that the processor further "JS^^ring guaranteed bandwWth up to an amount of 

of sharing reserved bandwidth is constituted by a ^ P/^ 

reserved bandwidth. The reserved bandwidth "^S^^^pSc-. of sharing non<,uaranteed bandwidth 
The step of sharing unreserved bandwidth '^^^^^^6 bandwidth share. The non-guaranteed 
among the plurality of data flows ' B ^'^^^^a^ unused part of the reserved bandwidth. The 
bandwidth comprises the unreserved bandwidth as we* las me a y bandwidth . The second process 

processor works with a work conserving pnnc.pl e tha u P^ r ^ e tive sched uling parameters: a first sched- 

time dock. Hereby, two distinct schedulers are r ^ h U ' r ^ tj h 4 nd c ^ e 3 nd i sec ond scheduler to handle the schedu.mg 
uler to hand.e the scheduling parameters versus the real time clock 

parameters versus the virtual time clock. drawback is described by the method 

el »r»SK«r.-. — «. — - — 
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act*, dat, ttow « the Pi— » - a -P-"- •"— — d — • h " 9 " 

bandwidth has been reached or nor and reached its respective entitled reserved bandwidth share. 

anteed bandwidth is r,an,«* a, ^ y*^™,X^ s reached its respective entmed reserved b— 

moment. 

[„, 27 ] According, th^"^^^ 

mining means, only one ^^^^^T!S£ "h^*' * elects ,or at serViCS time m ° m6nt ' 

ing guaranteed or non -guaranteed 

according to its mode G or NG, e.ther a data flow out M XUb p W ye data flows , in mode NG. 

entitled reserved bandwidth share, in mode G, or just one i of the plu a y ^ ^ number 

[0029] in this way for each data flow it is determined, whethe or no! ; it * 9 ondition js reacned , ie . when 

ot cel. service time occurrences which means that ,ts J^^^SS^erate. either in mode G, when 
its respective entitled reserved bandwidth share » condition, or the scheduler works in 

iTs'that ^ n^hStheir guaranteed -n durante* ~™ bandwidth , mode G. the 

[0030] A second advantage of such an G is always performed in priority over Mode NG. 

* ™ in c,aim 5 Herein jt is 

described that the method further includes the steps <* 

. acting .0 each one o, ,h. p.u.a.ity o. da ,a ^ » ~^^jT a ^^d*«K. initial credit 

9 ,a„,s to, reserved >>r^. , i^i^^rL , ^i^ counter that is associated to the data .» 
• 'SS^XZZZZ^SE^ Pr.ae-ir.ed e^ vaiue ,s reached tor the respectrve 

reS'atTS^espec,^ reserved bandwidth share ot a data ttow is reached when the associated 
" se^e grant counter reached the respective predetined end vatue. 

,00*, ™sprinc,p,ecc„prise,,hecr«o,^ 

termined amount of credits and updating the "^^nlton is realized in the event when the respective 

riowisserved.lndeed.ana.lernativeimp.emen^^^^ corresponding number of entitled 

= d =rforit a s Ration provides a better performance and 

comp/ete packets of variable length, the ^^^J^^^. ind'eed. in this way the scheduler allows 
a number of service grants In proportion to the length of the serve P 

to handle as well fixed length data packets as variable lengt ^^^^ possible P , or in i« a iizing the service grant 
[0035] A further remark is that different organization approaches are po 

counters. Ho^ribes that the predefined time period has the same duration 

[0036] A first solution is described in cla.m 7 that describes that tne p 
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for all data flows. 

[0037] A further solution is described in claim 8 and is characterized in that the predefined time period of the same 
duration is synchronized for ail data flows. In this way the step of initializing the service grant counter of each data flow 
at each start of the predefined time period is performed simultaneously for all service grant counters of all data flows. 

5 [0038] Another alternative solution is described in claim 9. Herein it is described that the predefined time period of 
same duration is not synchronized for all data flows. The step of initializing the service grant counter of each data flow 
at each start of the predefined time period is not performed simultaneously for all service grant counters of all data flows. 
[0039] Another implementation of the time intervals is described in claim 1 0 whereby the predefined time period has 
a specific duration, possibly different, for each data flow. Indeed, in such an alternative solution, the data flow scheduling 

w time intervals have a different duration for each data flow and their time intervals are mutually phased asynchronously. 
The scheduler operation is no longer correlated at all for all data flows as in the first solution or, to a lesser extent, as 
in the previous solution. 

[0040] A further characteristic feature to implement the present invention is described in claim 11. Herein the step 
of determining whether a respective entitled reserved bandwidth share of the reserved bandwidth has been reached 
is or not for at least each active data flow, includes a mode determining means using a common guaranteed bandwidth 
share data flow counter. The common guaranteed bandwidth share data flow counter records the current number of 
active data flows which have not reached so far their respective entitled reserved bandwidth share of the reserved 
bandwidth. 

[0041] Furthermore, it is to be explained that, in orderto implement the present invention, different types of scheduling 
20 arrangements are possible. These scheduling arrangements are described in claim 12, claim 13, claim 14, claim 15, 
claim 16, claim 17 and claim 18 and are explained in further paragraphs. 

[0042] Three applications of the present processor are described in claim 24, claim 25 and claim 26. This will be 
described in the following paragraphs. 

[0043] An output signal of the processor i.e. a shared bandwidth signal which is a measure for the respective reserved 
25 data packet share and the respective unreserved data packet share is provided at an output of processor. It has to be 
remarked that this shared bandwidth signal can be implemented in different ways. 

[0044] A possible way to reflect the result of the shared reserved bandwidth and the shared unreserved bandwidth 
is to generate a sequence of identifications of the data flows which are allowed to transmit its following data packet on 
the common link This can be realized with a scheduler included in a communication network in order to share available 

30 bandwidth on a common link among a plurality of data flows. This is described in claim 24. The scheduler includes a 
buffer means in order to sort the incoming data packets according to the data flow whereto the data packets belong 
into a plurality of buffer queues. Each buffer queue included in the buffer means is associated to a data flow, in this 
way a plurality of sorted data packets in the different buffer queues is provided. The scheduler includes also selection 
means in order to select one of the sorted data packets and in order to transmit the selected data packet on the common 

35 link. The scheduler further includes the processor according to the invention that is coupled to the selection means. 
The shared bandwidth signal of the processor is provided to the selection means in order to control the selection of 
the sorted data packets of the different queues. 

[0045] It has to be remarked that the sorting function of the buffer means can be implemented in different ways i.e. 
physical queuing or logical queuing. Indeed, a possible implementation is to put the content of the whole data packet 
40 in different queues but however, another implementation is that the data packets are associated to e.g. an identification 
number and that the content of the data packets are physically not sorted at all but stored all together in one memory. 
The further processing is executed with the identification numbers until a data packet associated to a particular iden- 
tification number is allowed to leave the buffer means. 

[0046] Another way to reflect the result of the shared reserved bandwidth and the shared unreserved bandwidth is 
45 to generate according to a received data packet of a particular data flow an acceptance command or a discard com- 
mand. This can be realized with an intelligent buffer being included in a communication network in order to share 
available bandwidth on a common link among a plurality of data flows that are transmitted via the common link. This 
is described in claim 25. The intelligent buffer includes decision means in order to decide whether to accept or to discard 
an incoming data packet of one of the data flows. When the incoming data packet is accepted, it is stored in a buffer 
so means e.g. a first in first out buffer in order to be transmitted later on at the common link. The intelligent buffer further 
includes the processor according to the invention that is coupled to the decision means. The shared bandwidth signal 
of the processor is provided to the decision means in order to control the decision according to the shared bandwidth 
signal. 

[0047] A third application of the present invention is a telecommunication system that includes at least one processor 
55 according to the present invention. This is described in claim 26. 

[0048] The above and other objects and features of the invention will become more apparent and the invention itself 
will be best understood by referring to the following description of an embodiment taken in conjunction with the accom- 
panying figure which represents a scheduler including a processor according to the present invention. 



6 



BNSDOCID: <EP 0977405A1 J_> 



EP 0 977 405 A1 



10 



15 



20 



r^A^ c • a funrtional description of the functional blocks shown in the figure will be provided. Based on this 

the working of the method of the invention «^ J^JS^T^Slr which is included in an asynchronous 
Errn^^ 

service GFR in an ATM ' ^"^J JS£d in the ATM switch in order to guarantee to each GFR data flow its 
[0051] The ^^^^'J^SS,,, to support this minimum guaranteed bandwidth for each GFR data 
min.mum guaranteed bandwidth, n order to De so e ^ ( predetermined for the all the GFR data 

flow the scheduler recces ^^^^^^^ is Ld to provide to each GFR data flow 
flows together. The f^^^^^^ bandwidth. However, in excess over this reserved bandwidth the 
31 IZdwidm »hat is allowed to be shared by the operator according to its 

available ^^^^^^ a schedu , e r is shown which shares the reserved bandwidth and the unreserved 
ZtSl'SZ a 9 p!urL«y of d^fiows that needs to be transmitted on the common link L. This common link L.„ 

scheduler is dimensioned in order to support 16 GFR data .A™*- jtch jt has to be under . 

coupled via an output of the scheduler to the common l.nk L. T i ^^ e n S o S .°^ e ^ d C th P figure , only 5 outputs are 

to the five shown outputs are shown in the figure . Q1 , Q2, OB U9 ana u ^ ^.^ 

data flow whereto the data packet belongs. In this way, a pluntty of c f c Ti 9 a nd C16 are established 

I0057] ,„ order to describe this ^^^^^^^ data packei are shown in the figure 
according to the five shown buffer queues Q1 , Q2, Q8, Q9 ana uio^ me k understood 

by means of shaded blocks included in each *™% ^ n j£^ n ^ '^c^be seen on the figure that 
that the figure shows an actual situation at a predefine time ^^q'^'SSI buJer queues are not including 
some buffer queues are actual including data packets e.g. Q1 , Q2 an 1 Q16 i and om q data f|QW 

data packets e.g. Q8 and Q9. Each shaded block ^P^sents a numbe date packe sot 

[0058] The selector SEL is included in the scheduler in order to "'^^^^brter ^ 
queues and to provide to this buffer queue a control signal in order to aM ow this * se , ector S£L 

first data packet in its queue via the selector ^ntoc^ML^^ s that the detailed operation of 

t^sriir^ « and ^ «, be ^ - * 

detail since this goes beyond the scope of the invention. selection function of the selector SEL. In 

ST- SJESS,^^ shared — si9nal BW to the 

^-processorPinc,ude S afirst processor^ 

DET3 and a memory MEM. The first processor P1 . the sec ond Pj«~«* ^ |eQ to the conl roller CTRL, 

the memory MEM. The first processor P1 and the -^^^^^SSS. bandwidth among the 5 es- 
[0061] The first processor Pi shares ^^^ t ^^^^l\ has to be understood that a data flow 
ablished data flows according to a respective reserved date ^™ jn the event wnen the connection 

only receives reserved bandwidth in the "^T me retpe^e reseived data packet share is. ac- 

is established and that data packets are transmitted LFu rt ^™ P ar ernbodiment , in , unction of a minimum 

cording to the guaranteed minimum bandwidth , o a ^^J ^^ in the GFR S9I vi C e contract at connection 
data packet rate called MCR. This mmimum da a packet rate ms ag™d. {or each established 

establishment of the data flow. In this way the following minimum data packet raie 
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connection: 

data flowCl : MCR1; 
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data flow C2 : MCR2; 
data flow C8 : MCR8; 
data flow C9 : MCR9; 
data flowC16 : MCR16; 

5 

[0062] In the event when a data flow is established e.g. C2 and data packets are transmitted at a certain data packet 
rate, the data flow receives at least the needed bandwidth according to this minimum data packet rate e.g. MCR2. 
[0063] The first processor P1 includes a first determiner DET1 in order to determine the respective reserved data 
packet share in function of the minimum data packet rate. How the first determiner DET1 shares the reserved bandwidth 
10 according to this minimum data packet rate among the established data flows will be explained in a further paragraph. 
[0064] The first processor P1 includes furthermore a calculator in order to make some necessary calculations and 
a reader and a writer in order to interact with the memory MEM and the controller CTRL, however as mentioned above, 
these functional blocks are not shown in the figure and are not described in further detail. 

[0065] The second processor P2 shares the unreserved bandwidth included in the available bandwidth in excess 
is over the reserved bandwidth according to a respective unreserved data packet share. As already explained above, 
the unreserved bandwidth is not an absolute constant amount of bandwidth. Since the scheduler is supporting GFR, 
it is clear that the unreserved bandwidth includes also the unused reserved bandwidth. In order to reflect different kind 
of strategies of the operator in the way of sharing the unreserved bandwidth, an adaptable administrative weight W is 
defined for each established data flow at connection establishment of the data flow In this way the following adaptable 
20 administrative weights are defined for each established data flow : 



data flow C1 : W1 ; 
data flow C2 : W2; 
data flow C8 : W8; 
25 data flow C9 : W9; 

data flowC16 : W16; 



[0066] The second processor P2 includes a second determiner DET2 in order to determine the respective unreserved 
data packet shares in function of these adaptable administrative weights. It has to be remarked that the unreserved 
30 bandwidth is in this particular embodiment shared among the active data flows i.e. the data flows having at least one 
data packet in its associated buffer queue of the buffer BUF. How the second determiner DET2 shares the unreserved 
bandwidth among the active data flows will be explained in a further paragraph. 

[0067] The second processor P2 includes also, a calculator in order to make some necessary calculations and a 
reader and a writer in order to interact with the memory MEM and the controler CTRL, however as mentioned above, 

35 these functional blocks are not shown in the figure and are not described in further detail. 

[0068] The processor P includes also a third determiner DET3 in order to determine a status of the data flows i.e. 
active data flow or not active data flow. In order to execute this function the third determiner DET controls at the buffer 
BUF for each buffer queue e.g. Q2 the eventual presence of a data packet. In the event when at least one data packet 
is present in a data queue the status of the associated data flow is confirmed to be "yes". In the event when no data 

40 packet is present in a data queue, the status of the associated data flow is confirmed to be "no". The status of each 
data flow is provided by the third determiner DET3 to the memory MEM described hereafter and is stored in this memory 
MEM for each data flow by means of a third variable called status variable ACT 

[0069] Furthermore, the processor includes a memory MEM. This memory MEM includes for each data flow the 
defined information at connection establishment of the data flows i.e. the identification of the data flow C, the associated 
45 buffer queue Q, the defined minimum data packet rate MCR, the defined adaptable administrative weight W and there- 
with three variables : a first variable R and a second variable U which are also associated to each data flow and a third 
variable called status variable ACT which reflects the status of a data flow regarding active data flow or not active data 
flow. 

[0070] It has to be remarked that the association means which is mentioned in the claims to associate to each data 
50 flow an adaptable administrative weight is in fact realized by part of this memory MEM. Referring to the figure the above 
mentioned definition and association is shown by means of a table which is a possible way to implement this memory 
MEM. The above mentioned association means is implemented in the memory table by the relation between the column 
of the data flows and the column of the adaptable administrative weights. 

[0071] The controller CTRL controls the first processor P1 and the second processor P2. According to the provided 
55 results i.e. the respective reserved data packet shares and the respective unreserved data packet shares, from the 
first processor P1 and the second processor P2, respectively, the controller CTRL generates the above mentioned 
shared bandwidth signal BW. This shared bandwidth signal reflects the global result of the shared reserved bandwidth 
and the shared unreserved bandwidth. In this embodiment the shared bandwidth signal BW includes the identification 
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™ u k to be selected by the selector SEL at the actual time moment. How the controller 

ot a buffer queue ..g Q2 «^^ a ^Sb^ r queue identification, called hereafter shortly selected buffer 
CTRL comes to <h ® ^^-Q^^^^ jch ^ explained in the further paragraphs. 

queue, is implemented with an aigornnm « or H ert o imDlement the processor P of the invention a provision of 

[0072] According to this ^^g^^ executed by the first processor Pi ; and the 

^^^^^ TXXJXZi* a wo. conse.ng principle can be 

working of the second processor P2. accnoi51t(>fl to each data flow i e. associated to each buffer queue are 

[0074] The above two ment.oned variables associated tc^ **^*™ MEM) e for data flow C 2 time stamp U2 
Lllcd hereafter time stamp U and time stamp R (see table ,n ^ ^mory Mh ) J aclua , va)ue of the 

nnd t.mc stamp R2 are defined. It has to *y ema ^^ 
Hnmcs'-ampsandtheact^ 

, suscquent paragraph. Even more, the value l^^^^^soc^Ba^^^M 
u-. vhIuo o. the real time Cock, a ^^^^^SSSl'n order to understand this it has to be explained 
»■ .cspecl the minimum data packet f^^J^^ZL of its accordingly minimum data packet rate 
„Mt ».« v.lue of the R time stamp is ca culated an ^ 3 ^ " ' ac 7uauL is running from left to right, the different 
m ~.r W,cn imaging a time line from time is' still smaller than the smallest 

,c» ot the R time stamps can be marked on the time me _wnen i sti || respected. No available 

, c :ne R time stamps, the ^J^^l^^^^^ <*• * 

#^ a*, m nnum data packet rate. h y tj stamp are initiated by 

,007S, * —I of a data packet in "^^J^ p™* ^iSon whereby a data packet arrives 
,nc .. s. accessor P1 and the second processor P2 respertwJfH (jon of a revious va iue of this 



in h su 
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tint U 

m:r 

Vr:lu 

v. lu* 
2S t>.i"CNw«Ctn 
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R2 = Max {(R2_prev + 1/MCR2); T } 



4 o * c tr«? rrviximum out ot : 

. cvous value of the time stamp R2 incremented with the inverse of the associated minimum data packet rate 



45 



50 



55 



t*>c r<tLMi time. 



LoTU> U2 J»ev. me Inverse o. ,h. ^ iaKa ^^ r ^"ZTs'^7L virtual lime T.virt to, .he second 
clock „«, «»«n m th. 1190,.) ^ V^"^ T ;££™ ^ s.l.c.ed b, .he eecond pioc.eso. P2. 

formulae : 

U2 = Max «U2_j>rev + 1/W2);T_virt} 

i.e. the maximum out of : 

t . . th thp inverse of the associated adaptable administrative 
- the previous value of the time stamp U2 .ncremented with the inverse or 
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weight W2; and 

the virtual time T_virt 

[0079] It has to be explained that hereafter the use of different control signals between the different functional blocks 
s included in the processor P are explained but are not shown in the figure in order not to overload the figure. 

[0080] In order to determine a selected buffer queue the controller CTRL provides at predefined regular time mo- 
ments, according to the transmission rate on the common link L, to the first processor P1 a start control signal. The 
first determiner DET1 starts searching for the smallest value between the actual values of the R time stamps corre- 
sponding to active data flows in the memory MEM. The R time stamp with the smallest value is called minimum R time 
io stamp. The value of the minimum R time stamp is compared with the value of the real time clock. 

[0081] When the value of the real time clock is larger than the value of the minimum R time stamp, time is up to 
transmit a data packet of the data flow associated to this minimum R time stamp in order to respect the minimum data 
packet rate MCR of this data flow. The first processor P1 provides the identification of the buffer queue associated to 
this minimum R time stamp, i.e. the selected buffer queue towards the controller CTRL The selected buffer queue is 
15 included by the controller CTRL in the bandwidth signal BW whereby the selector SEL is enabled to select the according 
buffer queue and to transmit the first data packet of this selected buffer queue on the common link L. The first processor 
P1 also updates the value of the minimum R time stamp in function of the minimum data packet rate of the associated 
data flow. For example, presume that the minimum R time stamp is the time stamp R2 of the data flow C2. The new 
value of R2 time stamp is calculated with the following formula : 

20 % 

R2 = R2_previous + 1/MCR2 



[0082] This value is updated in the memory MEM by the first processor P1 . 

25 [0083] When the value of the real time clock is smaller than the value of the minimum R time stamp, there is still 
time left to transmit a data packet of another data flow not necessarily associated to this minimum R time stamp i.e. 
available unreserved bandwidth is left in order to share among the active data flows. The first processor P1 provides 
to the controller CTRL a control signals which includes this fact, called unreserved control signal. The controller CTRL 
provides, upon receiving of the first processor P1 such an unreserved control signal, on its turn, to the second processor 

30 P2 a start control signal in order to activate this second processor P2. The second determiner DET2 of the second 
processor P2 starts searching for the smallest value between the actual values of the U time stamps corresponding 
to active data flows in the memory MEM. The U time stamp with the smallest value is called minimum U time stamp. 
The second processor P2 provides the identification of the buffer queue associated to this minimum U time stamp, i. 
e. the selected buffer queue towards the controller CTRL. The selected buffer queue is included by the controller CTRL 

35 in the bandwidth signal BW whereby the selector SEL is enabled to select the according buffer queue and to transmit 
the first data packet of this selected buffer queue on the common link L. The second processor P2 also updates the 
value of the minimum U time stamp in function of the adaptable administrative weight of the associated data flow For 
example, presume that the minimum U time stamp is the time stamp U2 of the data flow C2. The new value of U2 time 
stamp is calculated with the following formula : 

40 

U2 = U2_previous + 1/W2 



[0084] This value is updated in the memory MEM by the second processor P2. 

45 [0085] It has to be remarked that a more accurate implementation of the present invention is provided in the event 
when the algorithm works with one more variable, called last served variable. The value of this variable is the name 
of the first processor P1 or the name of the second processor P2 according to the processor which provided the 
identification of the selected buffer queue which last has been included in the shared bandwidth signal BW. The use 
of such an extra variable controls the fact that in the event when a buffer queue identification e.g. Q16 was included 

50 in the bandwidth signal BW due to e.g. the P2 processor results : whereby according to the implemented algorithm, the 
value of the associated time stamp U16 was incremented, the value of this associated time stamp U16 is not recalcu- 
lated again when a first data packet arrives in the buffer queue Q16 if this buffer queue Q16 is empty. Small modifica- 
tions, evident to a person skilled in the art, may be applied to the above described embodiment in order to adapt it to 
integrate such a last served variable whereby a more efficient use of the reserved bandwidth is established. 

55 [0086] The working of the method of the invention will now be described by means of an example which describes 
a predefined time period during the actual working of the algorithm. Presume the following situation and actual values 
in the memory MEM : the following table shows five established data flows : C1, C2, C8, C9, C16 with its associated 
buffer queues, its minimum data packet rates, the actual values of its associated R time stamps, its adaptable admin- 
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* ' istrative weights and the actual value of its associated U time stamps . 
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ACT 


C1 


Q1 


MCR1 = 1/10 


R1 = 20 


W1 =1/3 


i ii — q 

Ul = o 


Yes 


C2 


Q2 


MCR2 = 5/10 


R2= 18 


W2= 1 


U2 = 2 


Yes 


C8 


Q3 


MCR9 = 1/10 


R6 = 30 


W8 = 1/3 


U8 = 6 


No 


C9 


Q9 


MCR9 = 1/10 


R9= 30 


W9 = 1/3 


U9 = 6 


No 


C16 


Q16 


MCR16 = 1/10 


R16 = 10 


W16= 1 


U16 = 3 


Yes 



[0087] Presume, however, that the butter queue for data f.ow C8 and data flow C9 are empty, .n this way no actual 
available bandwidth needs to be provided ^ *«^^J^ ter CTRL prov i de s a next start signal to the first 
[0088] Presume that during the work.ng ol pTJterte searching for the smallest value between the 
processor PI . The first determiner DET1 of the f.rst ^^^^^J^^S^ smalles , value is R16=10. The 
actual values of the R time stamps in the <^*™£££ pTesumTthaT his real time clock equals T=1 2 which 
value of the R1 6 is compared with the value of the real time |me st Time is up to transmit a 

means that the value of the real time Cock is ^^^^^ ifoX to respect the minimum 
data packet of the data flow L ^e^1 6 associated to J *J^^*£Z^f^ the identification of the buffer 
data packet rate MCR16 = 1/10 of th.s data f ^ C1 6 _The f^st p "^^ J towards the controller CTRL, 

queue Q1 6 associated to this m.n.mum R time stamp R 6 , ; e - *?^f signal BW whereby the selector 
The selected buffer queue Q16 is .ncluded by the ^^CWLnito bandw 9 selected buf{er 

SEL is enabled to select the "^^"^^ ^^TZ oU.e minimum R time stamp R16 in 
SJnctto^ <* the associated data flow C16. The new value of R16 time 

stamp is calculated with the following formula : 

R16 = R i6_previous + 1/MCR16 = 10 + 10 = 20 
[0089] This value is updated in the memory MEM by the first processor P1 
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W2 = 1 
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C8 
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MCR3 = 1/10 
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W8 = 1/3 


U8 = 6 
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MCR9 = 1/10 


R9= 30 


W9 = 1/3 


U9 = 6 


No 


C16 


Q16 


MCR16 = 1/10 


R16 = 20 


W16 = 1 


U16 = 3 


Yes 



so 



55 



[0090] The a.gorithms continues whereby the actual time = 

0091 The controller CTRL provides a next start ^^J^^^^^ M em. The R time stamp with 
ng fo the smallest value between the actual values of the R "^^^^^^ tne value of the real time 
the smallest value is RfclB. The value of the ^^T^^^SZo R «me stamp R2. there is still 
Cock T=1 3. The value of the real time Cock ,s not ^^^^^a to this minimum R time stamp R2 i. 

^a^^ si,,. - controller CTRL 

P2 a start control signal in order to activate th.s second P"^^^^^. u time stamps correspond^ 
processor P2 starts searching for the smallest value be tween the minimum u time stamp U2 
I active data flows in the memory MEM. The U ^^^^^^^IZ^ to this minimum U time 
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. . 4;^« **cr™ i \o in function of the adaptable administrative weight of the 

U2 = U2-previous + 1/W2 = 2+1=3; 
the second processor provides this value to the memory MEM in order to update 
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,0093, ,„ ,hi, wa, M n,^ to S>r P ~ va,u. ,o « arable 



l- „~ intomot nrntocol routers. 



35 



40 



45 



50 



55 



bandwidtn tn excessuve. . c =>^~ - r „ llt0 rc 

telecommunication system such as the internet P«*°^ ™ o share both guaranteed bandwidth and non-guaranteed 

ssi- ^ — — *■ p — ,or 

?he foTmer and an administrative ^f^S^^^SL^ refers for some aspects to the present 
[0096] It has to be explained that the descr, P t,0 ".°" h ' S fo ^°" n d _ °™ g rap hs that are describing this second embod- 

b l^TXZ,Z^Z^Z^^^ - - — » — - - 

flows, namely: 

bandwidth. . romoared to the previous embodiment are described. 

[0099] Accordingly, only the principle d ffe J^^^^f^^hservice time moment, whether a guaranteed or 
[0100 in this second embodiment, instead of determimng .at *™ processing means P1 which performs 
non-guaranteed bandwidth share is to be granted as a ^resuU of the op ration p * M) „ here used i n 

non work conserving scheduling for the at each service time moment, under which mode 

the controller CTRL. The mode dete ™ a determining means indicates whethe, 

Sr,"°£ exp,ai„ed « -,n adva^s o, «* an im p_n o, a d u a,™da sc n .«er a,. _ 
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folded, namely: 

Due to the foregoing decision made by the mode determining means, only one single dual-mode scheduler is 
* requiSd to execute The subsequent data flow selection process for granting, at each service t.me moment, guar- 
anteed or non-auaranteed bandwidth; and 

- The opVraZ of the scheduler is here work conserving also when sharing guaranteed bandw,dth .n mode G, s.nce 
Mode G is always performed in priority over Mode NG. 

[0102] A preferred solution for implementing the mode determining means comprises: 

- a service grant counter (CT1 , CT2 CT1 6) associated to each one of the data flows (C1 , C2 C16); and 

- a common guaranteed bandwidth share data flow counter (GBSDFC). 

f01031 A service grant counter CT2 associated to a data flow C2 contains its current credit amount of service grants 
!or guarantee! bandwidth. It is continuously provisbned with additional eligible service grants at a rate that ,s propor- 
tinnai to the reserved bandwidth MCR2 for that data flow. 

01oi Each tfr^e that the data flow C2 is served for guaranteed bandwidth share, its counter CT2 .s decremented 
This opeSon sTossfble until its amount of service grant is exhausted. The data flow C2 has not reached .ts . reserved 
banded h^ Tare i e. has not exhausted its eligible servfce grant credit, as long as its counter CT2 has st.H enough 
cTedtleft for beTng granted guaranteed bandwidth for its next data packet that is waiting in ,ts assorted queue ,n the 

EofoV^he common guaranteed bandwidth share data flow GBSDFC counter is used to 

of actle data flows which have not reached so far their respective entitled reserved bandw.dth 

^served bandwidth Accordingly, the GBSDFC counter indicates whether a guaranteed bandwidth share (mode G) or 

a norguaranS bandwidth share (mode NG) is to be performed when its content is positive or null respect.ely. 

roiOSl The service grant counter CT is now described in the following paragraphs. 

Z 0^ Is coTemsL updating of the counter CT of a data flow C that is selected for serv.ce, two Afferent srtuaUons 
are possible depending on the types of data packets scheduled by the system: 

- Either scheduling of fixed-length data packets i.e. cells, in which case the scheduler is defined to be working in 

- s'cteduSg ol variable-length data packets i.e. frames, in which case the scheduler is defined to be working in 
'frame-mode'. 

rmofti For a scheduler working in 'cell-mode', the service grant counter CT can be handled for instance simply as 
o, Z\ jZ^c"et^e 26e6 in a CT counter is conveniently expressed as being for '^^^ 

mwmmmsm 
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and thus that the data flow has not reached its entitled reserved bandwidth share. Furthermore, each time a data flow 
is served for guaranteed bandwidth share, its associated counter is updated by decrementing its current content by S, 
i.e. the number of fixed length segments of that next frame. As each CT counter is now decremented with a variable 
number of segments S corresponding to the variable length of each frame, as opposed to a cell-by-cell decrementation 

5 by one as in 'cell-mode', its content value does not necessarily reach exactly zero when it becomes no longer positively 
balanced. Indeed, this depends on the length of successive frames served for the data flow. Therefore, for each data 
flow, a useful parameter is the credit balance of the CT counter which is defined as the being the difference between 
its current credit content and the number of segments S of the next frame to be served for that data flow. The credit 
balance indicates either a positive credit balance if it is positive or null, i.e. when the current amount of credited segments 

io is bigger or equal to S; or the credit balance indicates a negative credit balance if it is negative, i.e. when the current 
amount of credited segments is smaller then S. Accordingly a positive credit balance indicates that enough credit 
remains available for making the next frame eligible for service by the scheduler. 

[0110] As concerns the provisioning of entitled service grants to each CT counter a first solution as mentioned in 
the introductory part, consists in providing a given amount of entitled guaranteed service grants EGSG to each CT 
75 counter associated to a data flow C, at the beginning of a predetermined time period T This credit amount EGSG is 
proportional to the reserved bandwidth MCR, whereby EGSG = MCR / T. 

[0111] Different approaches are conceivable for periodically initializing the CT counters with their respective EGSG 
credit amount. The different solutions are depending on whether the predetermined time period is the same or not for 
all data flows, and, if the same, whether or not their CT counters are all initialized simultaneously. 

20 [0112] In a first approach, all the data flow scheduling time intervals have the same duration and the initialization of 
their associated CT counters is synchronized in a global periodic cycle T In such a case, the service grant counters 
of all data flows are simultaneously initialized by their respective initial credit value EGSG. In such a solution, the 
scheduler typically runs the following scenario. At the beginning of a periodic cycle, a number of data flows have their 
service grant counter not yet in zero, thus have not reached their respective entitled reserved bandwidth share, and 

2 s the scheduler performs Mode G at each successive service time moment. At some point in time, some data flows are 
still in the same condition, but none of them have a cell, or a segment, waiting to be served. They are all inactive. Then 
the scheduler starts to perform Mode NG. Later, one or several of these data flows not having reached their respective 
entitled reserved bandwidth share, may now have at least one cell or one segment waiting. Thus they are becoming 
active. Then, the scheduler resumes Mode G. This situation continues until, eventual, all data flows have reached their 

30 respective entitled reserved bandwidth share-. In this case the scheduler performs Mode NG at each successive service 
time moment, up to the end of the periodic cycle T, at which point all service grant counters CT are again initialized. 
[011 3] In a second approach, all the data flow scheduling time intervals have the same duration, but the initialization 
of their associated CT counters is not synchronized for all data flows. In this way ail data flow scheduling time intervals 
have still the same duration T, but the positioning of their respective time intervals T are somehow scattered in time 

3S instead of being synchronized in the same global periodic cycle. The scheduler operation is no longer, or at least much 
less, correlated for all data flows as in the first solution. In such a solution, the initialization of the service grant counter, 
associated to the various data flows, is phased at different time instants. It can be verified that such an alternative 
scattered organization of the data flow scheduling time intervals remains totally compatible with the principle scheduler 
operation. Indeed, since the scheduler determines at each service time moment whether it should operate in Mode G 

40 or in mode NG, whatever the condition of the various CT counters is and independently of the mode G or NG that was 
determined at previous service time moments, it does not matter when the various CT counters have been mutually 
initialized i.e. simultaneously or not. A primary effect of scattering the data flow scheduling time intervals is to create 
some overall mix of service types for both guaranteed and non-guaranteed bandwidth over time. In a practical reali- 
zation, all the data flows may be for instance spirited in a predefined number of subsets of data flows K, which can be 

45 initialized at successive times separated by a duration equal to one Kth of T. 

[0114] In a third approach, the predefined time period T has a specific duration that is possibly different for the various 
data flows. Then their time intervals are mutually phased asynchronously. The scheduler operation is no longer cor- 
related at all for all data flows as in the first solution or, to a lesser extent, as in the previous solution. In such a case, 
the initialization of the service grant counter CT, associated to the various data flows, by their respective credit value 

so EGSG is phased at totally different time instants. 

[0115] As for the previous alternative solution, it can also be verified that, in such a third alternative, the asynchronous 
organization of the dataflow scheduling time intervals still remains also totally compatible with the principle dual sched- 
uler operation. The primary effect of no longer correlating the data flow scheduling time intervals is to'create an overall 
full mix of service types for both guaranteed and non-guaranteed bandwidth over time. In order to realize such a third 

55 alternative solution, different options are conceivable for the initialization of each service grant counter. These different 
options are offering a flexible choice, for each data flow C2, of its respective time interval value T2 and its respective 
credit value EGSG2, including the possibility of using the same credit value for all data flows but different time interval 
values. 
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em s the orovisioning of entitled service grants to each CT counter, rt has to be remarked here 
[0116] Still as ^"^'^^ £ imp ,ementations such as described above, i.e. inrt.ahz.ng the ^ r^Pective 
that the present invention is not _ nmrted no P a predetermine d amount of cred.ts. Indeed, 

service grant counters C T f^^^^^X can be realized by provisioning sewice grant cred,t units, that 
an alternate .mplementat.on of the P^nunve seQment to the respective service grant counters, on a 

are each corresponding.^ 

agraphS .. „^ninn track of the current number of active data flows which have not reached so far their 

[0118] For correctly keeping track of the cun-ent bandwid t h , the common GBSDFC counter ,s dec- 

respective entitled reserved " h ;^3 re ^ ned jts resP ective entitled reseived bandwidth share, or each 

remented either each time an active data flow ha • <e*cnec ' J»P respect j V e entitled reserved bandwidth share. 
time anactK,edataf.owbeco^ 

1011 91 Furthermore, me common G BSDrC counter <s ™'=™ ....rved bandwidm snare, or each lime an 

, was no, previously a*, and MO no, y., ,.ached ""^"J"^'^ S.nred b.ndwloin share while I, 

i^— — - nTaCrnr^~. ... -» m mode 

Served bandwidth scheduling parame.ers, 9ra"«nar J NG. This depends 
trative weigh, schedule paramelers when ^<™°™^™^m*M9 means tna, mon»ors the overall 
on the mode G o, NG performed by the P'~»^' =" e ^ "Lnno gLan,eed bandwidth In mode G, 
condition ot the service grant counters of allth ac «w G Is always performed in prionly over Mod* NG. 



as follows: 
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,„ 124] The,, diKeren, types o, scheduie, ,ech„„ue, are now desenbed separa,.* ,o, mod. G and to, ™de NG. 



A) Scheduling in mode G 



55 



!air share distribution of guaranteed bandwidth among aH a *' ve thejr fespective entitled rese rved 

left in their service grant counter, i.e. the data ^ lows wh.h JJ-^ ^ tQ m@f out the d ata flows which are 
bandwidth share. Therefore, one way or another, this °P era * on ™ P 

inact^e and/or which have reached their ^^^^^J^io, mode G is now described. A weighted 
[0126] A scheduling technique based on a sorter o »^»- 8t virtual spacing scheduling based on the 

!air share distribution of guaranteed bandw.dth is ach eved ^ servjce time momen , in mode G, the 

reserved bandwidth scheduling parameter per data flow .n the J™mon/ bandwldt h scheduling parameters 

selected data flow is the one having the smallest time stamp among the reserv 
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for all active data flows not having reached their respective entitled reserved bandwidth share. It is to be noted that 
the initialization and calculation of the reserved bandwidth scheduling parameter timestamp is similar to the one de- 
scribed in the first embodiment. This means that the scheduling parameter timestamp is calculated as a function of 
the associated minimum cell rate. Note however that the scheduler handles here the data flows on the basis of their 
s respective reserved bandwidth scheduling parameter time stamp parameters in a work conserving fashion. A sched- 
uling parameter of a data flow is removed from the memory either: 

when a previously active data flow not having reached its respective entitled reserved bandwidth share, becomes 
inactive; or 

10 - when an active data flow not having previously reached its respective entitled reserved bandwidth share, is served 
and exhausts its credit in its service grant counter. 

[0127] A reserved bandwidth scheduling parameter for a new data flow is introduced in the memory either: 

is - when a previously inactive data flow not having reached its respective entitled reserved bandwidth share, becomes 
active; or 

when an active data flow having previously reached its respective entitled reserved bandwidth share receives 
some new service grant credit provisioned in its service grant counter. 

20 [0128] A scheduling technique based on a circular list for mode G is now described. A weighted fair share distribution 
of guaranteed bandwidth can be alternatively performed by one simple circular list, usually called round robin scheduling 
technique, of active/credited data flows, in association with their respective service grant credit counters whose entitled 
credit content are proportional to the respective reserved bandwidth of each data flow. The active/credited data flow 
circular list contains the identity of all active data flows not having reached their respective entitled reserved bandwidth 

25 share. 

[0129] At each service time moment in mode G, the selected data flow is the one at the head of the circular list, and 
its identity is then moved at the tail of the circular list Filtering out a data flow implies to remove the corresponding 
entry from the active/credited circular list. This occurs either when a previously active data flow not having reached its 
respective entitled reserved bandwidth share, becomes inactive, or when an active data flow not having previously 

30 reached its respective entitled reserved bandwidth share, is served and exhausts its credit in its service grant counter. 
The introduction of a new data flow entry implies to add it to the active/credited circular list. This occurs either when a 
previously inactive dataflow not having reached its respective entitled respective reserved data share, becomes active, 
or when an active data flow having previously reached its respective entitled reserved bandwidth share receives a new 
service grant credit provisioned in its service grant counter. Accordingly, mode G is performed as long as at least one 

35 data flow entry is still present in this active/credited circular list. 

B) Scheduling in Mode NG 

[01 30] In the event when mode NG is selected by the mode determining means, the scheduler performs a weighted 
40 fair share distribution of non-guaranteed bandwidth among all the currently active data flows. It has to be noted that, 
when mode NG is performed, all active data flows have necessarily exhausted their respective credit, i.e. have reached 
their respective entitled reserved bandwidth share, since otherwise mode G would be performed in priority. One way 
or another, this operation implies the need to filter out the data flows that are inactive. 

[01 31] A scheduling technique based on a sorter of smallest time stamp for mode NG is now described. A weighted 
45 fair share distribution of non-guaranteed bandwidth is achieved by a conventional virtual spacing scheduling based on 
the administrative weight scheduling parameter per data flow in the memory. At each service time moment in mode 
NG, the selected data flow is the one having the smallest administrative weight scheduling parameter time stamp 
among all active data flows. 

[01 32] It is to be noted that the initialization and calculation of the administrative weight scheduling parameter tirnes- 
50 tamp is similar to the one described in the first embodiment. This means that the administrative weight scheduling 
parameter timestamp is calculated as a function of the associated administrative weight. An administrative weight 
scheduling parameter of a data flow is removed from the memory either when a previously active data flow becomes 
inactive or when an active data flow having previously reached its respective entitled reserved bandwidth share receives 
a new credit by initialization of its service grant counter. An administrative weight scheduling parameter for a new data 
55 flow is introduced in memory when a previously inactive data flow becomes active. Mode NG is performed as long as 
at least one entry of an active data flow is still present in the memory, or until mode G is resumed. 
[01 33] A scheduling technique based on a circular list for mode NG is now described. A weighted fair share distribution 
of non-guaranteed bandwidth can be alternatively performed by one simple circular list technique of active/credited 
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^ „ option with a second set of respective extra service grant counters ECT. quite similar to the service 

^ WS \1 ATu TZse contents are then made proportional to the respective administrative weight scheduling 
gran, counters CT. but whose conte ^ servjce ^ CJ afe Qnfy used 

parameter of the flows- ™"^ ached their respective entitled reserved bandwidth share, while the respective 
for those data flows ^^^.^J^ ^^dlla fl0 ws which have reached their respective entitled 
6Xtra S sha^e Therelofe each time an active data flow has exhausted its credit for guaranteed bandw.dth 
reserved bandw.dth J£ j£j same associated counter means now for non-guaranteed bandwidth grant credrt 

rsra-^ 

I^^^S^^ » «« — ^ — ECT the 

data flow has reached its entitled ^^^!l!2S^lnQ in mode NG the administrative weight scheduling pa- 
[ ° 13 ? F ^e1^ the provisioning o, the respective predefined 

EUa~=^ 

initialized: 

- simultaneously by reloading them with respective initial extra service grants credits, based on respectively asso- 

. ^^^^^^^^ ~ ™» - — *** "~ NGSC 
pi 36] indeed, otherwise the distribution of non -guaranteed bandwidth would not be performed proportionally to their 

respective administrative weights. -*^ii,ot« rt initial extra service grant credits NGSC for all 

reloading of service grant counter contents that can be h ECT counters , one uses an 

previously used active/credited circu.ar list that ,s < us \ f °7<^^^ bandwidth 
^-initialized extra service grant counters are not yet actually reloaded ^ X ^ e ^^J tedlXe6 circular ,i S t. at 
grant credit. But their presence in this addit.onal crcular hst, wh.c l*"™» S ^^* n a data flow is selected 
feast enab.es their selection by the scheduler wh en mode I H ^^ r ^ a ^^ZcXe6 while its extra service 
the first time after rts extra service grant cred, has ^""^^^i^^t li reloading of its extra service 

dafatw entry is Lred out by removing it from the active/credrted crcular It. 

. when a data flow becomes inactive, when an a 
- when an active data flow having prev.ously reached ^^^^^^^' FulVn9motet , his removed entry 

extra service grant credit nor respective service credit value left. 
[0 140] Furthermore, a new data flow entry is introduced in the active/credited circular 

and?* has still some extra service grant credit left. Mode NG , • P£™* « ^ *** t resumed. * 
still present in the actrve/credited circular tat. .... as long ^^^^'Z solution in which one sorter of 
[0141] A further remark is made regard.nc ^^^cb tVme moment, only 
ime stamps is used for both mode G and mode NG and in ^' ch n ^^ ither itsTeserved bandwidth scheduling pa- 
one scheduling parameter is exclusive* in use ,n the memo* ^* a fjltering method WO u.d be 
rameter or its administrative weight scheduhng ^^^^^tZm^ must only enable the act*e 
sufficient over one single set of time-stamp P™^'"*«*£ T£ ? e the data tLm not having reached their 
data flows having a guaranteed bandw.dth schedul.ng parameter « place ra. he da ^ ^ ^ 
entitled reserved bandwidth share. Furthermore, .n mode NG. in pr.nc.ple no filtering 
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flows have reached their entitled reserved bandwidth share and have then its non-guaranteed bandwidth scheduling 
parameter in place. This means that, in such an implementation, a dual-mode scheduler handles an exclusive mix of 
reserved bandwidth scheduling time stamp parameters, for data flows to be granted with guaranteed bandwidth share, 
and of administrative weight scheduling time stamp parameters, for data flows to be granted with non-guaranteed 
bandwidth share, in the memory. 

[0142] While the principles of the invention have been described above in connection with specific apparatus, it is 
to be clearly understood that this description is made only by way of example and not as a limitation on the scope of 
the invention, as defined in the appended claims. 

Claims 



1. A method to share available bandwidth on a common link (L) in a communication network among a plurality of 
data flows (C1, C2, .... C8, C9, C16) being transmitted via said common link (L), said method to be used by a 

*5 processor (P), includes the steps of sharing reserved bandwidth included in said available bandwidth among said 

plurality ot dataflows (C1 : C2, C8, C9, .... C16), and sharing unreserved bandwidth among said plurality of data 
flows (CI, C2, C8, C9, .... C16) according to a respective unreserved data packet share being associated to 
each one of said plurality of data flows (CI, C2, C8, C9, .... C16), said unreserved bandwidth being included 
in said available bandwidth in excess of said reserved bandwidth, characterized in that said step of sharing said 

20 unreserved bandwidth includes associating to at least one (C2) of said plurality of data flows (C1, C2, ...,C8, C9, 

C1 6) a respective adaptable administrative weight and determining said respective unreserved data packet share 
being associated to said at least one (C2) dataflow in function of said respective adaptable administrative weight. 

2. Method to share available bandwidth according to claim 1 , characterized in that said method includes determining 
25 said at least one data flow (C2) as an active one (C2) of said plurality of data flows (C1, C2, .... C8, C9, C16) 

having at least one data packet in a buffer means (BUF) being coupled to said processor (P). 

3. Method to share available bandwidth according to claim 1 , characterized in that said processor (P) controls a buffer 
means (BUF) that stores received data packets, and in that said step of sharing reserved bandwidth is constituted 

30 by a first process of sharing guaranteed bandwidth, up to an amount of reserved bandwidth (MCR1, MCR2, .... 

MCR8, MCR9, .... MCR 16) predefined for each data flow (C1 , C2, ... C8, C9 C1 6) and included in said available 

bandwidth, and in that said step of sharing unreserved bandwidth is constituted by a second process of sharing 
non-guaranteed bandwidth among said plurality of data flows (C1, C2, C8, C9, ...) according to a respective 
non-guaranteed bandwidth share, said non-guaranteed bandwidth comprising the unreserved bandwidth as well 

35 as the actually unused part of said reserved bandwidth, said unreserved bandwidth being included in said available 

bandwidth in excess of said reserved bandwidth, and in that said second process of sharing said non-guaranteed 
bandwidth includes associating said respective adaptable administrative weight to at least one (C2) of said plurality 
of data flows (C1 , C2, ... C8, C9, C16), said respective non-guaranteed bandwidth share being determined as 
a function of said respective adaptable administrative weight associated to said at least one (C2) data flow. 

40 

4. Method to share available bandwidth according to claim 3, characterized in that said method further includes, at 
each service time moment, the steps of: determining whether, for at least each active data flow of said plurality of 
data flows (C1, C2, ...,C8, C9, ...,C16), a respective entitled reserved bandwidth share of said reserved bandwidth 
has been reached or not; and selecting, when at least one (C2) active data flow has not reached its respective 

45 entitled reserved bandwidth share, one (C2) of said plurality of active data flows not having reached its entitled 

reserved bandwidth share, whereby guaranteed bandwidth is granted at said service time moment, and selecting, 
when each one of said plurality of active data flows has reached its respective entitled reserved bandwidth share, 
one (C1 ) of said plurality of active data flows, whereby non-guaranteed bandwidth is granted at said service time 
moment. 

so 

5. Method to share available bandwidth according to claim 3, characterized in that said method further includes the 
steps of: 

associating to each one of said plurality of data flows (CI , C2, C8, C9, C16) a respective service grant 
S5 counter (CT1, CT2, CT8, CT9,..., CT16) and; 

initializing said service grant counter (CT2) at each start of a predefined time period to a respective predefined 
initial credit value (EGSG2) which is derived from said reserved bandwidth (MCR2) as being equal to the 
corresponding number of entitled service grants for reserved bandwidth during said predefined time period; and 
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15 



uodatina at each service time moment, the respective service grant counter (CT2) that is associated to the 
" dafa flow (C2) being served at said service time moment, untii a respective predefined end va.ue ,s reached 

service grant counter reached said respective predefined end value. 
cSnTg a dumber of service grants in proportion to the length o« the served packet. 

Method to share availab.e bandwidth according to claim 5. characterized in that said predefined time period has 

the same duration for all data flows. 

counters (CT1 , CT2 CT8. CT9 CT16) of all data flows (C1, C2 C8 : C9 Clb). 

9 . Method ,o ~ w^ ^T^X^T^^ZZ 

10 Method to share available bandwidth according to claim 5, characterized in that said predefined time penod has 
25 a specific duration, possibly different, for each data flow. 

.<.Me,h*.osha,eavai,ab,e bandwidth,^ 

X common guaranteed bandwMh share data tlow counter. 

be™ used to record the current number ol active data flows not having reached .their sa« respective entitled 
SSSSSw-h share o, ^.•^^^^"^^XTSS^S^ — 

. £crmt,:d="^ 

Z^S^P^^ r=rr,2rrvedSr«nshare^i,«asp.ev,ous ly 
considered as having reached the latter, 
and the,.,., indicating, a, each sa« service time £ ^"ito'n ~« IrTno, 

Method to Share avaii.ble bandwidth acceding to Calm 4, characterized In that, lor properly selecting on. data 
service time moment, said steps or selecting turrner „c,ude: 

. determining, guaranteed bar^idths^^ 

„. respective entitled resOived *£^£m£ld - « "™«°" °' «* 

schedule parameter, each non-guaranteed schedule parameter Deing 

respective adaptable administrative weight (W), and , ch .dule parameter (B) when guarante.d 
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share; and „ lin „ rt t flfl H c^h^HulP parameters (U) when non-guaranteed 

non-gua,an,eed bandwidlh s,gnal. ' * ^.n^g said guaranteedbandwirjth schedule 

,3. Me M ,osh,,ea,ai,ab,er^^^ 

i^sssr - ^u^=*a^Se}r * 9 *er - suaran.eed — • 

iSe pa ra ™.er (R) o, said non-guaranteed schedule parameter <U>. 

. ™ Wa ,ih 9 a guaran.e.d data «. circuits, - — — — — "« «" " 

i~r,rea^^ 

respective adaptable administrate weight (W), j** , ar |jst when guaranteed 

• ^^.y^xs^zz* — — ba "*" 

share; and ^^..^ Qr hedule parameters (U) when non-guaranteed 

. setting, upon recept.on h y sa-dprocessor ~SSr*«S SSS 

. determinin gaguaranteedbandwidth -JJ^S^^^TX^ 

. s^trrrx^^^ « - C8 ' 09 c,6) a sere ' M 

9 „nl counts, (EOT. . EOT2, ECT8 JE f™^^^^ ha5 iea ched Be respec.ive reserved hand- 
. initializing said extra service g.anr counter d eat* , data ^ B propoIlran ai , 0 

width snare, to a respective predefined mitral ««'"«~« e Nation opera Ion being performed each l,m. 
said respective adaptable administrative ^^^^'Z*^ end value; and 
„, said extra service "T^^^L. gran, counter (ECT2) that Is associated 

. updating, at each service t.me moment, the respect «e =»' » , ive pred .fi„ed end value ,s 

,o P ,ne data flow (C2> being served ,, sale "ct? Ve o.a, number of possible update, tor an 

ma«™on^an,.ed bandw«h da B M circular lis, o, those acrve d«. ..owe wh*h have reached 
their respecive entitled reserved bandwidth ' schcaule parameters (R) when guaranteed 
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share; and f said non ^ uaran teed bandwidth data flow circular list when non-guar- 

" h3Vin9 reaCh6d ^ 8ntmed reSP6Cth,e reSefVed 6andWidlh 

share; and nr nrp SSO r <P\ either a qranting guaranteed bandwidth signal or a granting 

- selecting, ^^^^^^^S ru "and conditions, a data f.ow (C2) which is 

^■''^^^S^I^rS' «• h«^a lowest va,ue am ° n9 5316 9Ua,Bnteed bandW,d,h SCh6dU,e 
^£^2 the head of said non-guaranteed bandwidth data f.ow circular l,st. 

Method to share available bandwidth according to claim 4, characterized in that, for properly selecting one data 
U^eZZTeL service time moment, said steps of se.ecting further mc.ude: 

- maintaining a guaranteed bandwidth data f.ow circular .ist of those active data f.ows which have not reached 
their respective entitled reserved bandwidth share; and respective extra service 

- associating to each one of said plurality of data flows (CI C2 .... C8, C9 Clb) resp 

rr orld each time 

^ aSa ^rvice grant counters have reached a -spectre prede ine ^ „ assocjated 
. updating, at each service time moment, the end value is 

,o the data flow (C2) being served at said ^rvice time mornen t un a reap > ^ ^ ^ 

•r^atoSaranteed bandwidth data flow circular ,ist of those active data f.ows which have reached 
moir icspective entitled reserved bandwidth share, and circU | a r list when guaranteed 

. rr; c ,r u P o n ^ by - P <~* r ? « -tr ssrs 

^ at the head o, said non-guaranteed bandwidth data flow circular hst. 
_ tc s^re available -dwid—gto^ of^^r^ 

is,?. irrmeTbr^™ sis^ssr^ » *. - - ^ ^ 

,» Mcnc,,oshareavai.ab,ebandwidthaccordingtoc,aim1^ 

c^. counter (CT) is only used for those data flows £ J J^^^* ^ for those data flows which 
Ln^ar. snare, in that said respective extra service ^^T^^^,^ coun ter means associated 
n.vo coined their respective entitled reserved ^^^^ '^"umer fcT) for a data flow which has 
„ o^r, data f.ow (C) is used, either acting as as said respective extra service grant 

ss^J.r^ — d — share 

1 9 . A p~esso,<P^^^^^ 

of data f.ows (CI . C2 CB. C J ... C16) according to a respect.ve ^ means (p2) to snare 

to each one of said plurality of data flows (C1 , C2, .... C8 ca ... j. according to a respective 

unreserved bandwdth among said plurality of data ^T^^'l^^ of data f.ows (CI . C2 C8. C9 

unreserved data packet share being associated to ^^^^^S^ excess of said reserved bandwidth. 
C1 6). said unreserved bandwidth be.ng included in said available banawiom 
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pressor (P2) includes second d. ^IsrmNng mean? DETO £d.,e mf T" "" i9 "'' ,ha ' ^ sec °" d 
share being assceiaied to said a, leas, o^SZ£^t^T^^ ' S * P ° C " V ' """*<»""*' **> packei 
weigh,, and ,ha, said pressor <P) , U r,her M^co^n^^ te ^oS , ' S^"'" 
(PI) and said second processing means IP2) and to £»S « !S?JSI J °T Sa ' d '" S1 """"N means 
-P-ive reserved d.,ap,cjsh.,e^ 

spected by said firs" ££££££ (Pi ? 8 min ' mUm 9Uaranteed bandwidth bein 9 «- 



" 2 =£a^^ (PI — a _ frame 

- ^ SKZ^S^ST l ° C ' aim CharaCt6riZed ^ ^ Said <" «*™* * length packet 

24 " d^twMc" a C2 mmU c n 8 ^ 1° aVai ' ab ' e ° n 3 C °™™ ^ < L > ^ a plura.ity of 

buff* I!!! /Rnrw' - ' '• > 9 transm,tted via «»* common link (L), said scheduler includes a 
buffer means (BUF) to sort incom.ng data packets of said plurality of data flows C1 C2 C8 C9 Tie? 

p uZ : (o of ,ea ci on QV npu, Q o : 6 Tr sched r e ; accordin9 to rts associated da,a f, °- ^ - SS - £2 

to one oS^d ptral'itrof Sa flow (C 'c^ "'^ ^ ^ 008 ^ aSSOdated 

one sorted data packet on sa.d common link (L), characterized in that said scheduler further includes a prSesJS 

minsSi V° "? T °' ™' Ctaim 20 and C ' aim 21 ■ said P rocess ° r F> °*ng coupled I to sa^ seTectfon 
means (SEL) .n order to control said selection according to said shared bandwidth signal. 

25 ' bandWidth ° n 3 C — ™ W among a 

40 hMttlr TV; 1 - ' C16) be,n 9 transmitted via said common link (L) said intelliaent 

SC^'hSt; c e 2 ans ^if wh cT 6 e ; to or ,o discard an incomins data P^^Z 

foprole^ 

dataotr ? C ° U T t0 ^ deCiSi ° n meanS ,0 S, ° re Said acce * ed P a ^et and^n^^^S 
accorn f ° n 53 C T m ° n (L) ' characterized "^at said intelligent buffer further includeT a processor P) 
according to any one of claim 1 9, claim 20 and claim 2t , said processor (P) being coupled to sa!d dec sTon meani 
in order to control said decision according to said shared bandwidth signal. 

2 Vp"„ 
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